Energy is essential for economic development in Africa. The current electrification figures show that countries in sub-Saharan Africa are facing major challenges in reaching positive economic growth and supplying basic energy services to rural communities. Prior to this study a comprehensive framework of factors to select renewable energy technologies did not exist. The purpose of this research was to develop such a framework and to validate it by means of empirical analyses. A triangulation of methodologies including a literature analysis, focus group, Delphi study and case study was used to determine the framework of factors. This paper presents the final framework that includes both the thirteen criteria and measures to be used for the selection of renewable energy technologies in Africa. The paper further recommends the critical documentation that must be created for each competing technology.
Introduction
Energy is essential for economic development in Africa [1] . The current electrification figures show that countries in sub-Saharan Africa are facing major challenges in reaching positive economic growth and supplying basic energy services to rural communities [2] . Sustainable energy technologies are available and can be used to great effect in Africa to alleviate this problem [3] . Sustainable energy technologies can also contribute to job creation [4] . The implementation of renewable energy technologies in sub-Saharan Africa to date, however, has not always been successful due to both technical and non-technical factors [4] [5] [6] [7] [8] [9] . Prior to this study a comprehensive framework of factors to select renewable energy technologies did not exist. The purpose of this research was to develop such a framework and to validate it by means of empirical analyses.
Methodology
A triangulation of methodologies was used to determine the framework of factors [10] . The analysis of the literature investigated renewable energy technologies and their application, the challenges in renewable energy technologies for implementation in Africa, and the selection methods in the fields of project, portfolio, programme and technology management. This was followed by a focus group [11, 12] with three experts, [13] in which thirty eight factors that need to be taken into account during the selection of renewable energy technologies in Africa were identified [13] . The factors identified by the focus group were confirmed and the eleven most applicable factors were selected through a two-round Delphi study [14] [15] [16] . Finally, case studies on the implementation of renewable energy technologies were undertaken in three countries [17, 18] . These case studies confirmed the eleven factors identified during the Delphi study and identified a further two factors that were added to the framework [19] .
Results
The final list of factors, factors identified during the focus group, the Delphi study definition of each factor as well as the important issues for each factor identified in the case studies, is shown in Table 1 . The focus group used the nominal group technique to identify 38 factors that need to be taken into account for the selection of renewable energy technologies in Africa and classified these factors into six categories.
The Delphi study was conducted over two rounds with the purpose of confirming and prioritising the factors identified during the focus group. The Delphi questionnaires were sent to experts (both academics and practitioners) in the field of renewable energy, with the emphasis on Africa.
In the first round, respondents were presented with the factors identified during the focus group and then asked to: comment on the classification of factors; comment on the description of factors; provide additional factors that were overlooked during the focus group; and provide a preliminary rating of the factors identified during the focus group in terms of feasibility, desirability and importance of considering these factors during the selection of renewable energy technologies in Africa. At the end of the first round Delphi the factors were regrouped into four categories.
In the second round of the Delphi study, the respondents were presented with a summary of the comments and ratings supplied in the first round and were then asked to supply new ratings in terms of feasibility, desirability and importance. The results were analysed. Eleven of the factors were rated by the experts to be feasible, highly desirable and highly important when selecting renewable energy technologies in Africa.
The eleven factors identified in the Delphi study were then used to generate the framework for the eight case studies which were conducted in the following three African countries: Rwanda; Tanzania and Malawi. The sources of evidence used included interviews, documentation and observation. The case studies confirmed that the eleven factors identified during the Delphi study are important for the selection of renewable energy technologies in Africa. Two additional factors were also found to be important and the wording of one of the factors was changed.
In conclusion, the thirteen most important factors that need to be considered for the selection of renewable energy technologies in Africa have been collated into a framework.
Discussion and/or Conclusions
The critical documentation that must be generated before renewable energy technologies are selected in Africa is shown in Table 2 . The issues that have been identified in this study that must be addressed for each of the factors are also shown. The critical documentation can be used at various levels and by various organizations to select the most appropriate renewable energy technologies for implementation in Africa. The critical documentation must be completed for each competing technology. The technology that performs the best in terms of addressing all the issues for all of the factors can then be selected. By using the framework proposed in this study, selection of renewable energy technologies can be done with the assurance that the most important factors for the successful implementation of these technologies have been taken into account.
The successful implementation of renewable energy technologies in Africa will lead to the improvement of the lives of the population in Africa, will increase their productivity and quality of life, and will contribute towards the alleviation of poverty and the empowerment of women and children. African children who have sustainable access to energy will be better educated and thus be better future leaders.
Further work is required to implement the factors into a selection method for example the analytical hierarchy process or analytical network process.
